Introduction
============

Recent publications have found that blunt cerebrovascular injuries (BCVIs) are more common than previously thought.[@JR1500149-1] [@JR1500149-2] [@JR1500149-3] [@JR1500149-4] [@JR1500149-5] [@JR1500149-6] [@JR1500149-7] [@JR1500149-8] [@JR1500149-9] [@JR1500149-10] Once believed to be as infrequent as 0.1% of all blunt trauma cases, recent literature has shown an incidence of 0.24 to 3%.[@JR1500149-1] [@JR1500149-2] [@JR1500149-3] [@JR1500149-6] [@JR1500149-7] [@JR1500149-10] [@JR1500149-11] [@JR1500149-12] BCVIs are defined as injures to the carotid or vertebral arteries. Although these injuries are often asymptomatic, symptomatic injuries can be devastating, with reported mortality rates of 21 to 31% and permanent neurologic morbidity rates of 37 to 58%.[@JR1500149-1] [@JR1500149-3] [@JR1500149-6] Various groups found stroke rates of 21 to 64% if BCVIs are left untreated.[@JR1500149-2] [@JR1500149-3] [@JR1500149-4] [@JR1500149-5] [@JR1500149-10] [@JR1500149-13] [@JR1500149-14] Increased awareness of this potentially devastating problem has led to attempts to identify and treat these injuries earlier.

Four-vessel cerebral angiography (FVCA) has long been the gold standard for BCVI screening. However, computed tomography angiography (CTA) has mostly replaced FVCA due to its lower cost, fewer complications, and reduced resource requirements. The increased availability of this noninvasive screening tool has led to the clinical question, which blunt trauma patients should be screened? Many current screening guidelines are based on the criteria created by Biffl et al,[@JR1500149-3] [@JR1500149-4] [@JR1500149-5] [@JR1500149-13] who recommended screening of midface fractures, basilar skull fractures, diffuse axonal injury, cervical hematoma or abrasion, lateralizing neurologic changes, Glasgow comma scale (GCS) scores less than 6 to 8, and specific cervical spine fractures (C1--C3 fractures, vertebral body fractures, fractures through the transverse foramen, or fractures resulting in ligamentous injury or facet subluxation). At our institution, we have adopted more-liberal screening criteria to include all cervical spine fractures including those considered low risk by Biffl and coworkers.

We sought to compare the rates of BCVI detected by CTA of the cervical spine based on cervical spine fractures in patients who meet Biffl criteria and those who did not.

Materials and Methods
=====================

This study was approved by our institutional review board (no. 0006635) We retrospectively reviewed all cervical CTAs performed at our institution between December 2009 and December 2011. Patients who did not have any trauma and those who had a penetrating trauma were excluded. Patient charts were reviewed for sex, age, cervical spine injuries, CTA findings including Biffl grade ([Table 1](#TB1500149-1){ref-type="table"}), and treatment(s) provided. We then categorized those patients\' fractures according to the criteria by Biffl et al into a Biffl criteria fracture group and a non-Biffl fracture group.[@JR1500149-3] [@JR1500149-4] [@JR1500149-5] These groups were then compared for incidence and type of BCVI. We also went back and reviewed those non-Biffl fractures and determined if they met Biffl criteria for other reasons and evaluated those groups separately. The one exception was that at our institution we do not use GCS alone as an indication for BCVI workup, and we did not separate non-Biffl criteria fractures back into Biffl criteria solely on GCS because there are frequent trauma patients with low scores who do not receive CTAs at our institution.

###### Denver Grading Scale for blunt cerebrovascular injuries

  Grade   Scale
  ------- ------------------------------------------------------------------------------------------------------------
  I       Irregularity of the vessel wall or dissection/intramural hematoma with \<25% luminal stenosis
  II      Intraluminal thrombus or raised intimal flap, or dissection/intramural hematoma with ≥25% luminal stenosis
  III     Pseudoaneurysms
  IV      Vessel occlusion
  V       Vessel transection

Imaging
-------

All patients were imaged for cervical spine injuries under the trauma algorithm with computed tomography on a Seimens Emotion 8 slice, a Seimens Emotion 16 slice, or a Seimens High Definition Dual Source 64/128 slice scanner (Siemens Medical Solutions USA, Inc., Malvern, Pennsylvania, United States) or patients had an outside scan that was confirmed to have a cervical spine fracture by a board-certified attending radiologist. If they were found to meet BCVI screening criteria, patients subsequently underwent a CTA on either the Seimens Emotion 16 slice or Seimens High Definition Dual Source 64/128 scanner and again their imaging was reviewed by a board-certified attending radiologist to confirm a BCVI.

Data Analysis
-------------

Data was stored and managed with Microsoft Excel 2011 (Microsoft, Redmond, Washington, United States), and statistical analysis was performed using R statistical software (R Foundation for Statistical Computing, Vienna, Austria) to calculate the incidences of the vascular injuries and the relative risks (prevalence risk ratios). The 95% confidence intervals with mid *p* values were determined using bootstrap.

Results
=======

From December 2009 through December 2011, 1,000 CTAs were performed at our institution. Of these imaging studies, 749 were excluded for penetrating trauma or no cervical spine fractures, leaving 251 CTAs of the cervical spine after blunt trauma for evaluation. The cohort contained 174 males and 77 females with an average age of 46.9 years (range 6.7 to 94.7 years) ([Table 2](#TB1500149-2){ref-type="table"}). Of these 251 patients, 192 patients\' cervical spine injuries met Biffl criteria (76%). Of those screened, 49 were found to have BCVIs (49/251, screening yield 19.5%; [Fig. 1](#FI1500149-1){ref-type="fig"}). Forty-one injuries were related to fractures meeting Biffl criteria (41/192, screening yield 21.4%), and 8 were related to fractures not meeting those criteria (8/59, screening yield 13.6%; [Figs. 2](#FI1500149-2){ref-type="fig"} and [3](#FI1500149-3){ref-type="fig"}, [Table 3](#TB1500149-3){ref-type="table"}). The relative risk of a patient with a Biffl criteria cervical spine injury having a vascular injury compared with those imaged under more-liberal criteria was 1.57 (95% confidence interval 0.67 to 4.68, *p* = 0.19). After isolating those fractures that did not meet Biffl fracture criteria, we re-evaluated to see if they met other Biffl criteria for BCVI workup despite CTAs being ordered for non-Biffl cervical spine fractures. In doing so, we isolated 8 additional Biffl workups and 1 injury to give us 202 patients meeting Biffl criteria with 44 injuries (44/202, screening yield 21.8%), which left us with 7 injuries related to non-Biffl criteria that were imaged for cervical spine fractures (7/51, screening yield 13.7%). After regrouping, the relative risk of having a BCVI in the Biffl group was 1.52 (95% confidence interval 0.81 to 4.44), but this result was not significant (*p* = 0.25).

###### Patient demographics

  Demographic                *n*
  -------------------------- --------------------
  Male                       174 (69%)
  Female                     77 (31%)
  Age (y)                    
   Average                   47.0
   Minimum                   6.7
   Maximum                   94.7
  Mechanism of injury        
   MVC                       163 (126 B, 37 NB)
   Fall                      37 (31 B, 6 NB)
   MCC                       27 (17 B, 10 NB)
   Pedestrian versus car     9 (8 B, 1 NB)
   Moped                     5 (2 B, 3 NB)
   Diving injury             2 (1 B, 1 NB)
   Bicycle                   2 (1 B, 1 NB)
   Crush                     1 (1 B, 0 NB)
   Horse                     1 (1 B, 0 NB)
   Bull-related injury       1 (1 B, 0 NB)
   Assault                   1 (1 B, 0 NB)
   Football injury           1 (1 B, 0 NB)
   Pedestrian versus train   1 (1 B, 0 NB)

Abbreviations: B, Biffl criteria fracture; MCC, motorcycle collision; MVC, motor vehicle collision; NB, non-Biffl criteria cervical fracture.
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###### Subjects with non-Biffl criteria cervical spine fracture with blunt cerebrovascular injuries

  Age (y)                                      Sex   Mechanism of injury   Cervical spine fracture                                                                                                             Blunt cerebrovascular injury                                                                                                                                                                       Biffl grade   Treatment
  -------------------------------------------- ----- --------------------- ----------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------- -------------------------------------------
  27.3                                         M     Fall                  Left C5 inferior articular facet and lamina fractures with associated fractures of the left superior articular facet of C6 and T1   Left vertebral artery dissection with thrombus resulting in occlusion of the left vertebral artery from thoracic inlet to C2 level                                                                 4             Heparin drip to aspirin
  55.8                                         M     MVC                   Left C5 inferior articular facet and left C6 superior articular facet fractures                                                     Bilateral vertebral artery narrowing focally at the C5 level bilaterally without evidence of occlusion                                                                                             2             Heparin drip to clopidogrel
  29.6                                         M     MCC                   Right C5 lateral mass fracture                                                                                                      Left proximal vertebral artery high-grade narrowing likely on the basis of dissection along the C5--C7 levels                                                                                      2             Heparin drip to aspirin
  50.9                                         M     Fall                  Right C6 lamina fracture with extension into right facet joint                                                                      Right vertebral artery narrowing of 25% narrowing at the C4--C5 level                                                                                                                              1             Heparin drip to nothing on discharge
  34.9[a](#FN1500149-3){ref-type="table-fn"}   M     MCC                   Left C6 and C7 transverse process fractures                                                                                         Left internal carotid artery focal dissection at the C1 level without high-grade stenosis and long-segment luminal irregularity of the right internal carotid artery without high-grade stenosis   2             None secondary to intracranial hemorrhage
  36.2                                         M     MVC                   Left C6 nondisplaced lamina fracture with extension into facet joint                                                                Left vertebral artery luminal irregularity at level of C6 level                                                                                                                                    1             Clopidogrel
  78.8                                         M     Fall                  Right C7 lamina fracture with extension into articular facet and C6 anterior listhesis                                              Right vertebral artery dissection with less than 25% narrowing at C6--C7 level                                                                                                                     1             Heparin drip to aspirin
  59.2                                         M     MVC                   Left C6 and C7 nondisplaced transverse processes fractures                                                                          Left vertebral artery occlusion just distal to origin of artery                                                                                                                                    4             Aspirin

Abbreviations: MCC, motorcycle collision; MVC, motor vehicle collision.

Only non-Biffl criteria cervical spine fracture that met screening criteria based on other factors for midface fractures.

Of the fractures meeting Biffl criteria, 26 (53%) involved the C1--C3, 15 (31%) involved the vertebral body, 24 (49%) involved the transverse foramen, 11 (22%) involved facet subluxation, and 5 (10%) were ligamentous injuries of the spine. Of those patients, 21 patients met 2 criteria (51.2%), 9 patients met 3 criteria (12.2%), and 3 patients met 4 criteria (9.8%) ([Fig. 4](#FI1500149-4){ref-type="fig"}). For the non-Biffl cervical spine fractures, all 8 that resulted in vascular injury involved the C5, C6, and/or C7 lamina, facets, or posterior elements. The one patient with a non-Biffl criteria cervical fracture with a vascular injury, which met other Biffl criteria, had C6 and C7 transverse process fractures but extensive facial fractures ([Table 3](#TB1500149-3){ref-type="table"}).
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Discussion
==========

The screening for and management of patients with BCVIs has been a subject of interest over the last two decades. Injuries that were once thought to be very rare have been shown to be more common.[@JR1500149-1] [@JR1500149-2] [@JR1500149-3] [@JR1500149-4] [@JR1500149-5] [@JR1500149-6] [@JR1500149-7] [@JR1500149-8] [@JR1500149-9] [@JR1500149-10] Originally, patients were screened for injury only if they had neurologic symptoms. With the risk for severe neurologic morbidity or mortality after BCVI, attempts were made to diagnose and intervene before the onset of symptoms.[@JR1500149-1] [@JR1500149-3] [@JR1500149-6] BCVIs have a 10-hour to 72-hour asymptomatic period, during which neurologic sequelae can be prevented by systemic anticoagulation or surgical intervention.[@JR1500149-14]

The symptom-free window along with the ability to prevent significant morbidity and mortality in patients with BCVI has led to significant study of this problem. Despite this attention in the literature, there is no one set of screening criteria, and those that exist have been in a process of refinement. The screening criteria set by Biffl and Cothren are generally accepted, though some authors support more-liberal screening guidelines and others like Mayberry et al support less-aggressive screening.[@JR1500149-6] [@JR1500149-9] More-liberal screening ensures fewer missed injuries; however, it comes at an increased cost both monetarily and in the form of radiation exposure.

Traditionally the FVCA was the gold standard for screening for BCVI. However, FVCA is resource intensive and has a 1 to 3% rate of complications, including arterial occlusion (0.2%), hematoma (0.5%), pseudoaneurysm (0.2%), contrast nephropathy (0.2 to 2%), infection, radiation exposure, transient ischemic attack (2.5%), or stroke (1%).[@JR1500149-3] [@JR1500149-7] [@JR1500149-10] [@JR1500149-11] [@JR1500149-14] To avoid these complications, other imaging modalities have been explored including duplex Doppler, magnetic resonance angiography, and CTA. To date, CTA has been the most widely accepted substitute due to its noninvasive nature, decreased cost, speed, three-dimensional analysis, and wide availability.[@JR1500149-1] [@JR1500149-11] [@JR1500149-12] [@JR1500149-13]

Biffl et al originally found that CTA was of low yield in blunt trauma with a sensitivity of 47 to 68% and a specificity of 67%. This finding was supported by others, who found specific sensitivities of 44 to 47% and 50 to 53% for carotid and vertebral artery injures.[@JR1500149-10] [@JR1500149-14] [@JR1500149-15] However, this result has improved with the advent of multidetector CTA. More recent reports have found the sensitivity and specificity have improved to 40 to 96% and 90 to 97% for vertebral injury and 67 to 100% and 88 to 98% for carotid injury.[@JR1500149-12] [@JR1500149-14] [@JR1500149-15] With the newer technology, the tests require less time, contrast load, and radiation compared with angiography.[@JR1500149-14] Despite the improvement in technology, CTA still has a relatively high false-positive rate (43% in the study by Malhotra et al),[@JR1500149-12] so caution should be taken for overdiagnosis of injuries.[@JR1500149-3] [@JR1500149-12] [@JR1500149-14] Since the switch from FVCA to CTA as the first-line screening test, immediate complications have been drastically reduced. However, at this institution unpublished data has shown that the radiation exposure for a trauma patient who undergoes BCVI screening is increased by 31 to 57%.

Several studies have utilized the criteria proposed by Biffl et al, but there has been some debate about screening for cervical fractures.[@JR1500149-1] [@JR1500149-2] [@JR1500149-3] [@JR1500149-5] [@JR1500149-6] [@JR1500149-7] [@JR1500149-8] [@JR1500149-10] Initially, any patient with spinal fractures was screened for BCVI, because a 39 to 46% incidence of vertebral artery injury was associated with spinal fractures in general without a specific relationship between vertebral artery injury and any specific types or levels of fracture.[@JR1500149-10]

Over time, the screening indications for vascular injury in patients with cervical spine trauma have been narrowed. Miller et al suggested a relationship of BCVI with fractures extending into the transverse foramen or with associated facet subluxation. Based on these findings, Miller et al suggested that all other fractures could be ignored for screening.[@JR1500149-10] Subsequently, Cothren et al in 2003 reported that fractures of the upper spine from C1 to C3 had an 87% rate of vertebral artery injury and should be added to the criteria for screening.[@JR1500149-4] [@JR1500149-5] They found those injuries comprised 73% of cervical spine fractures and had a 37% rate of BCVI. By limiting screening to just those three injury patterns, they would have been able to eliminate 77 angiograms (13%) from their study of 605 cases.[@JR1500149-4] [@JR1500149-5]

Our study had an overall incidence of BCVI of 19.5% for all patients screened with cervical spine fractures, which is comparable to other studies.[@JR1500149-6] [@JR1500149-8] [@JR1500149-9] [@JR1500149-10] [@JR1500149-11] [@JR1500149-12] [@JR1500149-13] [@JR1500149-14] [@JR1500149-15] We additionally found a nonsignificant difference between those patients who had fractures that met Biffl criteria (21.4%) and those with fractions that did not meet Biffl criteria (13.6%, *p* = 0.19), which would suggest that screening based on a limited number of fracture morphologies is not appropriate and will lead to significant numbers of missed BCVIs.

The retrospective nature of this study was a limitation in that we only reviewed those patients who were screened and then determined if a cervical fracture was present, which did not always allow us to confirm the indication for ordering the CTA. When we went back and reincluded non-Biffl criteria fractures in the Biffl criteria group if they met other workup noncervical spine fracture criteria to include midface fractures, basilar skull fractures, diffuse axonal injury, cervical hematoma/ abrasion, or lateralizing neurologic changes, our data remained largely unchanged. This data again demonstrated a 21.0% rate of CTA-documented BCVI for patients meeting Biffl criteria and 13.7% for patients with no identifiable Biffl criteria, with the CTA likely ordered due to presence of non-Biffl criteria cervical spine fracture (*p* = 0.32).

In our study, our goal was to evaluate the specific incidence of missed injuries based on strict versus loose criteria pertaining to cervical spine fractures, and from our results we propose that even if a larger series made the screening criteria difference statistically significant, a 13.6 or 13.7% incidence of missed BCVIs is clinically significant. This recommendation for looser criteria for specifically cervical spine fractures has been more recently supported by Jacobson et al, who showed an incidence of missed BCVI of 37% when limiting to Denver criteria and instead screened all patients with blunt trauma already receiving at CT of the cervical spine and/or CTA of the chest with a CTA of the neck.[@JR1500149-16]

Treatment was not a primary goal for this study, and for that reason, no recommendations based on this study can be made. In the literature, there is still significant controversy regarding treatment, with some advocating that antiplatelet medications are equivalent to anticoagulation,[@JR1500149-8] [@JR1500149-9] [@JR1500149-17] but others continue to support full anticoagulation as the first-line treatment when not contraindicated as they continue to believe and support the research that shows decreased rates of poor neurologic outcomes and associated morbidity/mortality.[@JR1500149-1] [@JR1500149-3] [@JR1500149-6] [@JR1500149-10] With there still being no clear answer, we at our institution based on these findings and our experience along with the above literature have sided with aggressive treatment with full anticoagulation in an attempt to decrease rates of secondary neurologic sequelae. However, there is always a balance for treatment in trauma patients. If a patient has an operative fracture, the treatment of the vascular injury has to be balanced with the risk of the surgical complications from anticoagulation. It has been the tradition at our institution to then defer anticoagulation to the surgeon\'s preference, letting the clinical situation dictate the algorithm based on fracture morphology and treatment plan weighed against the BCVI grade.

As listed above, our study was limited by its retrospective nature and the justification for screening. Another limitation of the study was that CTA was performed at the discretion of the ordering physician, which means that we cannot exclude the possibility that some patients with cervical spine fractures may not have been screened. This issue could be problematic for our data if the patient had minor non-Biffl cervical spine fractures that did not trigger the physician to order a CTA, which would have affected our results.

Conclusions
===========

Though once believed to be rarely associated with vascular injury, blunt cervical trauma cases need to be considered for vascular injury because of the risk of neurologic sequelae. Early detection and intervention have been shown to decrease overall morbidity and mortality, making screening for BCVI important. Screening criteria for BCVI are still being debated. Our study suggests that a subset of patients not meeting Biffl criteria have BCVI. Widening the screening criteria to include all spine fractures may detect BCVI that may otherwise be missed and possibly lead to neurologic sequelae.

Future Directions
=================

In an effort to minimize the number of patients with missed BCVIs, future prospective multicenter studies to better evaluate criteria for screening patients are needed. Prospective studies elucidating patients who are at higher risk will help to reduce the risks of screening with CTA and their increased cost while preventing significant morbidity and mortality in patients with missed BCVI.
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